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FIELD OF THE INVENTION 
p; a recipient following organ transplantation. 

J£ BACKGROUND OF THE INVENTION 

10 -; O^ansplaMatlon^ee^^ 

90 vears (See Figure 1; In Fundamental Immunology, 4th ed., Paul, W.E.(ea.), PP 

25 respond to donor histocompatibility antigens (Pescov.tz m , 
al.JExp Med 1984;160:1495-1508). 



antigens vvh|ch^re^recogntzed^ ^ss^ntigens are expressed on almost all tissues 
unrelated individuals will be identical. 

— -»r"— r::rr;ir:r^u-..- 

J responsible for graft rejection. 

" e e!« on Usually .he use of immunosuppressive drugs temporarily prevents ft. resu, 

MHC antigens as self and respond by attacking the graft, 
immunosuppressants and the second is to induce dono,specif,c .Cerance. 

„, infection and malignancy. In addition, an.,-T eel, an ^ 
thymocyte globulin are also powerful immunosuppressants. However, they 
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, nd ude serum sicKness and infectious completions . More recently, OKT3, a r^ use a , bod 
rcosimiAB Burton RC, Colvin RB. et al Transplantation 1981:32:535-539). Other monoclonal 
a ,„ block the effector mechanism of graft rejection These monoclone, an„bod,es aiso have broad 
toxic side effects. 

The u^ate goal o, translation immunology is ,o enable the recipient to become toleran, ,c . donor 
antigens ie accepting the donor organ as -seif) so that the graft is no, re,ected. The current state o, 

h art in * area is reviewed herein and eisewhere (See Hugh AuchlnCoss, Jr., Megan Sykes, and 
the art .n this area .s reviewe Uppincot-Raven, Philadelphia, 

David H. Sachs !n Fundamental Immunology, 4th ed., Paul, W E. (ed.), upp 

New York, 1999 pp 1 182-1222). 
\ , y mphocy.eswhichreac..o,hedonoran,igens. The second is "clona, energy , the failure oT cells to 

l lection or eliminate o, antigen (Rocha B, Tancho, C. Von Boehmer * 

1993 ,77 -1517-1821) (Ramsdel, F, FowlKes BJ. Science 1992:257:1130-1134). The third ,s 
3 C ^ " which n t .ei tt ,ernon-speci fi cc r an a gen.s P ec,c.Non-speci fl csuppres S ,oncan 

KM, Carver FM, Haisch CE, Thomas JM. Transplantation ,994:57:893-900): Ra,u GP, Be.iand SE, 
Eisen HO. Transplantation 1994;58:392-396). 

Certain T cells called "suppressor cells", produce inhibitory cytokines which include IL-4, W and 
T t ^ non-speciftcally, block graft region (Qin L, Chavin KD. Ding V. Woodwar E, Favaro 
r L ntB r ombe raJ ,AnnSurg,994;220:508_ 5 ,9,; ( Oin^ 

996 ,56 23,6-2323): (Zheng XX, Steele AW, Nickerson PW. Steurer W. Steiger J, Strom m J 

i,,^*.^. *«^---* Mw,,,, ' a,, rti!. 

Pearce NW Spine,.! A, Gurley KE, Hal, BM. Transition ,993:55:374-379; Roser BJ^mm o 
these cells are difflcu,. to clone (Koide J, Engleman EG. J Immunol 1990:144:32^0). 
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Let has no, been we,, deserved in humans and whether these ce„s can be expanded ,n the 
periphery is unknown. 

CD4 + cetls repeated,, seated with ,L-10 or activated with immature dendritic ce„s develop down-^ 

Z£Z* ^ A ' °' Qarra ' M Bi9 ' er ' " ROU ' eaU ' 8 An,0ielk °' " DS dt H 
O Rotlio (1997, Nature. 389:737-742; Jcnu* H.. B. Schm*,, G. Schuier. K. Jurgen, and A. H. 
1^^™™™™^°*-'*™™''™*°'* area„er 9 ,cand 

" Eur J Immune, 28:2902-2912; Vendet, S . , G. Chai, , Dyson. E. Simpson^G. Lombar* and 
R Lechler (2000). , Immunoi. 165:1175-1181). Unfortunate*. ,arge numbers of these ceiis are 
required for suppressive activity and their capacity to expand is very poor. 

response .rem the pro-inflammato^ Th1 response (iL-2 and IFN-Y) to ^ ^n~£e£*. 

IL .10) response has been associated with allograft acceptance (Roser BJ. immune Rev 
79 02 Lancaster F, Chui YL. Batchelor JR. Nature 1985;315:336-337; Wlson. Immunol Rev 
989 107 159-176, On,y iimited data, however, impiicate an active rcie o, Th2 ceiis in toierance 

graft rejection. 

h Z in promoting the survive, ot transited organs. Severa, to.erance-inducing strategy have 
blen lmpted in combination with conventiona, immunosuppressive drug, in rodents, ^ -n 

I-d ted sygeneic and allogeneic bone marrowcells. The hematopoietic c*™^ 
" nlwillZiayhistocompa-ty antigens o, both donor and 

Ts T286, Non-myeloablative conditioning regimens have been described where m,ce are sub, «ry 
Z L T ce„ depleted with monoclone, antibodies and given either an,i-CD154 or CTLA4lg wh,c 
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nave been used to replace chronic therapy in clinical transplantation. 

CTLA4lg and ant.-CD1 54 markedly pro g Armstrong NN, et al. 

recognizing donor antigens. 

w ho did no, receive hematopoMc ceil transplants ( Starz, TE. aU ) 

and tolerize subsequently develops thymocytes. The hea y ^ 

I able to proliferate. 

SUMMARY OF THE INVENTION 

— — = 2— — = =: 



oxide. 



cuituring uie u recipient following graft 

suppressor activity, and administering these treated cells 



transplantation. 

,„ a further aspect, the invention uses closed systems for the purification, condifioning and expansion 
of T cell populations before administering them to a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the lack of progress in preventing chronic rejection over the last twenty years. 

Figure 2 depicts the effect o, TGF-p on T cel, subsets in the generation of cells that suppress cytotoxic 
T cell activity. One way allogenic mix*! lymphocyte reaction (MLR) is used to generate regulatory T 
cells that suppress cytotoxic T eel, activity. In allogeneic MLR, T cells from one individual (i.e. A) are 
mixed with cells from an unrelated individual (i.e., B). In the absence o, reguiatory T cells wh,ch 
suppress cytotoxic T cell activity individual As T cells recognize B's ceils as foreign and develop the 
capacity to kill B's cells. 

Regulatory T cel, subsets that prevent this killing are generated from A by negative selection by 
staining the cells with appropriate monoclone, antibodies and using immunomagnetic beads to remove 
the stained cells. The resulting T cel, subsets are cultured for f,ve days with ceils from B in the 
presence of TGF-p. Controls consist of T cells cultured with stimulator cells in the absence of TGF-p. 

The effect of TGF-P conditioned T cell subsets on allogeneic MLR was determined by mixing 
regulatory cells to effector cells in a ratio of 1 -A. After five days of culture with stimulator cells from B. 
the cytotoxic activity of T ce„s from A was determined using a standard chromium release assay ,n 
which effector cells from A were mixed with chromium labeled lymphoblasts from B in the effector to 
target cell ratios shown. Chromium release was measured in a 4 hour assay (open squares). Control 
Tcell subsets cultured with stimulators in the absence of TGF-P are indicated by open circle, Tee 
subsets cuitured with stimulator cells in the presence of TGF-beta are shown as closed circles. In ail 
experiments, TGF-beta enhanced the capacity of the T cell subsets to suppress the generate of 



cyotoxic activity. 



Figure 3 depicts two independent experiments showing the regulatory effects of TGF-P on CD4 
CD45RA T cells cultured with stimulator cells in the presence or absence of TGF-0. Control CD A 
CD45RA cells cultured with stimulator cells in the absence of TGF-P have modest to moderate 
suppressive activity. In contrast, T ce.ls primed with TGF-P 1 ng/m. markedly suppress or abolish a„o- 



CTL activity. 



these experiments, regulatory CD4 cells from CD4 CD45RA were conditioned ^J^^J^ 

. c ,^3 An aliquot of the cells was mixed with responderT cells from A and 

exert their regulatory effects. 

15 B cells after 7 days of culture is shown. 

• 8 „ - n2 5 Naive CD4+ T cells primed with irradiated allogeneic stimulator cells ± TGF-P (1 

' F C 6Adepic,s.hee«ec,o,pnmedC D 4 + ce,lsmixedwi«hfreshTce„sa.a,:4ra to The 
^TL^**^^^^ PlgureeBdepictstheeffectofvanous 

activity Results shown were performed a. an effector to target eel, ra„o of 100.1. ***** 

CD4+ cells. The T cell subset was prepared from the spleens of DBA/2 mice. The 

Ired with irradiated — ^^^^7-^^- 
m 1 1 no/ml) for the days shown. The cells were stained for CD25 or CTLA-4 ana i p 

TGF-P significantly enhanced expression of CD25 and CTLA-4. 

~f rr>4+ rpnulatorv T cells to alloantigens. Naive CD4+ T 

containing 10% norma, human serum. The ceils were labeled with carboxyfluoresce.n (CFSE) 



20 \ h 
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four other experiments. 

DETAILED DESCRIPTION OF THE INVENTION 

umbers o.T eels ax *,» a compounds induces suppressor activity, a poputafon of 

! conventional and experimental therapies have failed to achieve. 

5 Thus the present invent prevents graft rejection by suppressing T eel, activation and inducing a 
, Thus.tnepr ,. Thlsis achieved by inducing some of the recipients cells to 

\ ============ 

; antigens of the donor, thereby making possible the long term sunrival of the graft. 
;I This strategy is uniiKe aimost ai, other treatment therapies currently in use because cells, rather than 
spared from the severe side effects associated with these agents. 

Ixlmunosuppressivemedicinesthatmusthegiventorecipientsoforgan transplants, inthe 

Zlthe doses oftoxicimmunosuppressivedrugs administered for this purpose can be reduced. 

Thus the present invention provides a lowered probability of serious side effects as only trace 
amounts Ofccmpounds which may bioCthe immune response are returnedto.be recipient 

The present invention ^«-I^-"'^ T *^^^ 

, immune attack against the donor organ. VWhou, being bound by theon,. ,. appears tha, there 



several ways the methods of the invention may work, either alone or in combination. First, reaper* 
cells may be activated to become tolerant to the donor cells. Second, recipient cells may be activated 
to assume a surveillance role and prevent other recipient cells from killing donor cells. Th.rd, 
treatment of recipient cells with a suppressive compound may inhibit the cytotoxic activity of some 
recipient T cells by inducing other recipient cells to have suppressor activity. For example, in F.gures 
2-4 TGF-P is used to induce various T cell subsets to have suppressor activity and prevent lysis of 
donor cells. Suppressing the lysis of donor cells by recipient cells will decrease or eliminate chron.c 
graft rejection. 

Accordingly, the present provides compositions and methods of inducing T cell tolerance in an organ 
transplant recipient. The present invention provides methods comprising removing peripheral blood 
mononuclear cells (PBMCs) from both a recipient and a donor, mixing the recipient and donor cells 
together and treating the cells with a regulatory composition to generate a population of suppressor T 
cells. These suppressor T cells can be introduced into a recipient at the time of transplant, or at 
various times thereafter to prevent chronic graft rejection. 

By "recipient" herein is meant a human which is to receive an organ transplant. In some case, the 
recipient may be an animal, including but not limited to rodents including mice, rats, and hamsters, 
domestic animals, wild animals and primates. Likewise, for the purpose of the invention, a "donor is a 
human or animal from which the organ is obtained. 

The present invention is directed to methods utilized in organ transplant. By "organ" herein is meant 
solid organs such as kidneys, heart, lungs, liver, and pancreas. 

,n a preferred embodiment, rejection of the transplanted organ is prevented by inducing tolerance in a 
recipient's T cells by administering T cells conditioned to become suppressor cells. By "tolerance or 
T cell tolerance" or grammatical equivalents herein is meant immune non-responsiveness to donor 
cells ie a tolerance to the histocompatibility antigens of the donor. That is, abolishment of cytotoxic 
T ceil activity by recipient cells against donor cells. Preferably, the recipient's T cells retain the ability 
to recognize other antigens as foreign, to facilitate tumor killing and genera, immunological responses 
to foreign antigens. 

T cells are conditioned to become suppressor cells by treatment with a regulatory composition. A 
regulatory composition includes at least one compound which induces T cells to develop suppress.ve 
activity. By -suppressive activity" herein is meant at least some of the treated T ceils develop the 
capacity to prevent cytotoxic T cell activity in other T cells. 
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T cells which develop .he capacity to block cytotoxic T ce„ activity are referred .oh 

•suppressor T ceils" or "regulatory T cells." By "suppressor T cells" hereih ,s meah, a populate o, T 

cells which develop the capacity to inhibit other T cells from killing donor cells. 

Using methods outuned hereih. graft rejection is decreased or eliminated. By °' 
■eliminated" herein is mean, that at leas, one symptom o, graft region ,s annotated. Th, m y 
evaluated in a number o, ways, including both objective and subjective factors on the part of he 
patient as is Known in the art. The Cinica, pattern of organ dysfunction often helps to suggest he 

be useful to determine a means o, identifying rejection episodes based on systemic 

le immunologic mechanisms involved, there is notyetawell-established assay to measure r.ect.on 

activity (Paul, W E. (1999) Fundamentals of Immunology). 

' The methods provide for the removal of blood cells from recipients and donors, in genera,, periphera, 

i By "periphera, blood mononuCear cells" or "PBMCs" herein is mean, lymphocytes (including T-c* 

'' the regulator, composition is ,0 enabie CD4- T cells and/or other T cell subsets (i.e., CDS* T ce, s, 
NK T cells, gamma delta T cells) to develop suppressive activity. Accordingly, the PBMC population 
should comprise CD4+ T cells. Preferably, only PBMCs are taken, either leaving or return.ng red 
blood cells ,o ,he pa,ien,. This is done as is Known in the art, tor exampie using 
techniques. In genera,, a 5 ,0 7 ,„er leukopheresis s,ep is done, which essen,ia„y removes PBMC 
from s ^patient, returning the remaining bloc, components. Collection o, the cel, sample ,s preferably 
done in the presence o, an anticoagulant such as heparin, as is known in ,he art. 

,„ genera,, the sample comprising the PBMCs can be predated in a wide variety of ways. Gently, 
once collected, ,he cells can be addi,iona„y concen,ra,ed, i, this was not done s.muKaneous, w* 
co„eCion or ,0 further purify and,or concen,ra,e ,he ce,,s. The cells may be washed, coun,ed, and 
resuspended in buffer. 

The PBMCs are genera,,y concen,ra,ed for treatment, using standard techniques in the art. Ina 
preferred embodiment, the leukopheresis co.lection step results a concentrated sample PBMCs^ 
a s,eri,e ieukopak, ,ha, may contain reagents or doses of the regulatory compos,,^ as , mo re fully 
outlined below. Genera.ly, an additional concentration/purification step is done, such as Ficoll- 
Hypaque density gradient centrifugation as is known in the art. 
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,„ a preferred embodiment, .he PBMCs are .hen washed ,0 remove serum proteins and so,b,e b.ood 
com onents, such as autoantibodies, inhibitors, etc.. usin 8 technics we,, Known ,n the art. 

be seated as necessary. They can be .suspended in physiological ^ ^ 
a,,hough buffers such as HanKs balanced sal. soiution (HBBS) or ph y s,o,og,ca, buffered saline (PBS, 
can also be used. 

Genera,, the cells are counted; approximate, from 1X1**2X10 white b,ood cel.s are collected 

,„ a preferred embodiment, the PBMCs may be enriched for one or more ce„ types. For example, the 
PBMCS may be enriched for 008 + T ce„s, 004. T ce,,s or NK T ce,,s. This is done as ,s Known ,n the 
! misled in Gray efa,. (1,98), , — -0:2248, hereby incorporated by reference 
! G enera„y this is done using commercial avai,ab,e immunoabsorben, co.umns, or us,ng r search 
i "res (the PBMCs are added to a ny.on woo, co,umn and the e,u t ed, nonadherent ce„s are 
i ZZZ ****- » ™, 0016, 001 1b, and 0074, ,o,,owed by treatment w,,h immunomagnebc 
« cl Ling a population enriched for 008 + T cells,. ,n one embodiment, eel, populates ar 

= ,„ a preferred embodiment, the 0D4. cells could be ,u rt her purified to include only • 
:* naive ce,,s This is done by depleting them of C045RC ce„s using monoclonal an„bod,es. Tn s 

' interfere with the generation or activity of suppressor T cells. 

, n other embodiments, 008. cells, 003.004-008- cells, or NK T ce„s may be treated with a 
regulatory composition to develop suppressor activity. 

composite. By "treated" in this context herein is meant.ha.the cells are ,nouba,ed w h the 
eguLrycompos„,on,ora.ime period sufficien. .0 resul. in T cell .Cerance, particuar, when 
transplanted into the recipient patient. The incubation will generally be under phys,o,og,ca, 
temperature. 

By »regu,atory composition- or ,o,eranoe composition" is meant a composition .ha, can induce T oe„ 
, France .o donor histocompatibility aniens. The regulatory composition wil, include irradiated T 
IZetedmononudearcensfrcmtnedonortonmitthesuppressorTcellstoonlymosewhichcan 
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activated T cells to become suppressor cells. 

immuno-magne„c beads. The T cell deple, ^ ^ q ^ ^ 3 ^ dopor 

proliferating and mixed with the recpent cells at a ratio o 

cel,s being preferred, 0.5 to 2.1 being especially preferred, and 1.1 being 

used to activate T cells is a cytokine. 

(IL-4), interleukin 10 (IL-10) and transforming growth factor beta (TGF 
> suppressors. The compositions may conta, I ndi s may be mixed together. The 

and a chemokine, or a cytokine and a prostagland.n, etc. 

TGF-fJ1, ^^^^^^'T^-* (1991) 

humans, recombinant TFG-p is currently p o( TGF-p used ranges 

Genzyme Pharmaceuticals, Farmmgton, MA. In general. 
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from about 10 pg to about 5 ng,m, ofcel, suspensions, with ,ro m about from abou.O.Ing to 3 ng/m, 
being preferred, and 1 ng/ml being ideal. 

TGF-p is incubated with the recipient ceils and a potation o, irradiated donor PBMO <han,estec I as 
outlined above). The doner ceiis are irradiated so that , hey cannc, attack the recipient cells. The 

days although both shorter and longer periods are possible. 

,„ a preferred embodiment, treatment o, recipient celis with the regulatory composition is Mowed by 
expansion of these cells before transfer to the recipient patient. 

mother embodiments, it may be desirable to transfer the cells instead o, expand the cells. In this 
case, the cells are transferred immediate* after washing to remove the regulator compos,„on, and 
frozen or otherwise stored. 

Once the cells have been treated, they may be evaluated or tested prior to transplantation into the 
recipient For example, a sample may be removed for: sterility testing; gram stain.ng, m.crob olog,^ 
s LAL studies; mycoplasma studies; flow cytomet^ to identify cel, types; functional studies etc. 
Th^adother iymphocyte studies may be done before and after treatment. A preferred analyses 
tote, donor cells; incubatethe treated toleran, recipient celis wi, the iabeled population tovenfy 
that the recipient cells are tolerant and will not kill the donor cells. 

Assays such as those shown in Figure 2, can aiso be used to determine ifthe regulatory composi.on 
has induced suppressor oeil, This is done by mixing suppressor celis generated ex v,vo with the 
recipient's T cells and assaying the survival of the donor cells. 

,n a preferred embodiment, the treatment results in the conditioning o, the T celts ,0 become non- 
responsive to histocompatibility cells of the donor so that graft rejection is prevented. 

,n a preferred embodiment, the isolation of T cells, conditioning them with the regulatory composition, 
to minimize the introduction of toxins to the product. 

The recipienfstreatedTcells are transferred backtothe recipient patient. This is generally done as is 
known J L art, and usually composes injecting or introducing the treated cells into the ^pen, as 
wil, be appreciated by those in the art. This may be done via intravascular (IV) administration, 
inking ntravenous or intraarterial administration, intraperitoneal administration, etc. For example. 



-13- 



10 



15 if: 



lhe celis ma, be placed ,n a 50 m, FenwaM infusion bag by injection usin 9 sterile syringes or other 
additional reagents such as buffers or salts may be added as well. 

A „er reintroducing the cells intothe patient. ,be effect of , be — may be evaluated,, desired, as 
is generally outlined above and known in the art. 

The wowing example to more fuily describe the manner of using the above-descnbed _ 

invention, bu, rather are presented for illustrative purposes. Al, references cted herern are 
incorporated by reference in their entirety. 

EXAMPLES 

Example 1 

) TGF-P activated CD4+ T cells suppress cytotoxic T cell activity. 

: Blood from both donor and recipient were obtained by pheresi, PBMC from each individual were 

! H fl RRC using the Nexell Isolex 500 closed system. CD4 + cells from the rec,p,ent and T 

h the recipient receives an organ transplant from a donor whose mononuclear cells are not available, 
express a broad panel of common and uncommon histocompatibility aniens. 

Recipient CD4 + cells were cuitured with irradiated donor mononuclear ceils in the presence of TGF-B 
"o Tays The C D 4* ce„s which react with donor ceiis in the presence of TGF-3 were .nduced to 

additional 10 days to expand the number of suppressor T cells. 

ce, Z 1 with donor irradiated non-T cells to Induce Killer T ceils. The recipients T cei s are ,h 
Ted- chromium iabeled donor iymphoblast cells and incubated ,or4hours. If the donor cells 
l id by the recipients cytotoxic T ceils, chromium is released into the cuiture med.um. By 
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Figures „ show tha, reguiatory T celis generated with TGF-beta block the ability o, me recipient T 
cells to kill donor T cells. 

cells in 25 1 50:1 and 100:1 ratios. These combinations of rec,p,ent and donor cells are called 
effector to target ratios. Killing is indicated by the various symbols. As expected, ^ ^ 

seenatthehighesteffectortotargetratio. CD4 + cells cultured with donor simulator cells had a 
:lI"nhib,Le«ec, cells thathad been conditioned with TGF-p 1 n 9 ,m, almost completely 
abolished the capacity of recipient T cells to kill donor mononuclear cells. 

Example 2 

TGF-p activated T cells suppress cytotoxic T cell activity. 

Blood from both donor and recipient were obtained by pheresis. PBMC from each individual were 
lilted from RBC using the Nexell Isolex 500 closed system. T ceiis from the recpent w ,ch 

delta T ceils). and T cell-depleted mononuclear ceils from the donor were prepared using commercally 
available reagents. 

,„ 5 davs The vanous T cell subsets which react with donor cells in the presence of TGF-p were 
expand the number of suppressor T cells. 

The recipient's T cells primed with donor alloantigens in the presence of TGF-beta are then tested for 
capacity to kill donor T cells by the procedures described in Example 1 

Example 3 

Treatment o, T cells from a recipient of kidney graft from a non-identica, sibling donor to prevent 

graft rejection. 

Is a result the recipients T cells become tolerant to the donor's his.ocompat.b.l.ty ant,gens. Th,s 
Iterance reduces acute rejection, lessening the need for high doses of immunosuppressive drugs. As 
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,he recipient's ry m phocytes are -educated- to develop long lasting tolerance, chronic rejection is 
decreLedoreLinated^ If signs of graft rejection recur, additional infusions of regulatory T cells will 



ameliorate this response. 
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